This work discusses an important issue in the area of human resource management by proposing a novel model for creation and evaluation of software teams. The model consists of several assessments, including a technical test, a quality of life test and a psychological-sociological test. Since the technical test requires particular organizational specifications and cannot be examined without reference to a specific company, only the sociological test and the quality of life tests are extensively discussed in this work. Two strategies are discussed for assigning roles in a project. Initially, six software projects were selected, and after extensive analysis of the projects, two projects were chosen and correctives actions were applied. An empirical evaluation was also conducted to assess the model's effectiveness. The experimental results demonstrate that the application of the model improved the productivity of project teams.
Introduction
There are various techniques and guidelines for improving the process of building project teams. However, these guidelines should be adapted to specific environments. Generally, each member of a given team possesses a special area of expertise or natural ability that should be utilized by project managers. Accordingly, many successful organizations depend on the optimal mix of competence, trust and mutual esteem in team relationships. Human resource management is an interdisciplinary area in project management. Some project managers perceive and manage individuals as if they were modular components rather than unique team members; however, software production processes are different from other industrial production processes. During software production, many problems that occur are directly related to software teams and to the mutual relationships among their members. For instance, (DeMarco & Lister, 1999) argue that team relationships are highly relevant, and consequently, there are four elements that affect human resources: the management of human resource techniques, human resource acquisition processes, activities that improve team productivity and the office environment. According to (Curtis et al, 1988) , human resource selection and management is more important than technologies and tools. The IEEE vice-president suggests that in order to develop a successful project, managers should focus on understanding the project goals, appropriately handling the flow of ideas, and honing the team members' relationships (Weinberg, 1986) . Overall, he maintains that the quality of products depends on software teams, where each member contributes to the quality by performing his/her part. In general, selection processes consist of applying technical tests and interviews. However, these procedures alone do not ensure the selection of successful software teams, especially since interviews do not always properly account for all aspects of human behavior. As (DeMarco & Lister, 1999) explain, the skill tests are usually focused on the tasks that candidates would perform at the beginning of the work. However, these tests do not necessarily guarantee the correct evaluation of each candidate during the entire project. Members of a software team often change their activities or roles during the span of the project, thus indicating that such tasks have not been adequately considered during the initial human resource acquisition process. Other viewpoints about the selection of software teams are presented by (Edgemon, 1995) and (Pressman, 2005) ; Edgemon proposes the following four areas: problem resolution, leader skills, reward management, and sociological behavior. There are several tests to assess the personality of individuals (Myers et al, 1985 )(Catell et al., 2008 (Belbin & Mead, 2010) . However, none has the particularity of evaluating people in normal situations and stress situations; this is an important element in the work environments of software development. On the other hand, Pressman promotes project management on the basis of four elements, known as the four "Ps:" Personal, Product, Process and Project. The order of Pressman's elements is not arbitrary, as he explicitly states that personal management is the most important aspect in software projects. The Project Management Institute deals with human resource management, process organization, and the management and leadership of project teams. Accordingly, the Institute has proposed the following four processes: developing human resources plans, acquiring a project team, developing a project team, and managing a project team. There are four techniques for acquiring project teams, as described in the guide to the Project Management Body of Knowledge (PMBOK) (ProjectManagement-Institute, 2004 ): pre-assignment, negotiation, acquisition and virtual teams. Although the PMBOK guide is one of the most accepted international standards of project management, it constitutes an abstract guide that should be adapted to specific situations and particular environments. The People Capability Maturity Model (P-CMM) defines "staffing" as one of the prime process areas at the "Managed Level" (Curtis, et al., 2009) , thus indicating the importance of staffing for organizations. Specifically, the purpose of staffing is to establish a process where qualified individuals are recruited, selected, and transitioned into assignments. The "ability to perform" statements include the required definitions used in an organization's selection process and the necessary methods and procedures for individuals involved in staffing activities. Moreover, the "practices" description establishes that a selection process and appropriate selection criteria are defined for each available position. In particular, Thomsett considers the team's relationships highly relevant for a project's success (Thomsett, 1990) . TSPi is a methodology that provides a defined process to develop software by teams. TSPi aim is to show defined process components (roles, scripts, forms and standards) (Carleton, A., et al., 2010) . However, this methodology does not show how to form a good team. This paper proposes a model that concerns the acquisition of human resources for software teams. The main idea of this model entails the combination of technical expertise and the sociological relationships among team members. This proposal can be utilized independently of the software development methodology used or the size of the team. In section 2 describes the techniques involved in the new model and provides details for acquiring the model's algorithm. However, these techniques are not an appropriate substitute for human expertise; rather, they solely constitute a decision-making tool. Section 3 analyses the experimental results, and Section 4 presents concluding remarks. A social model for acquiring software development teams Technical knowledge is considered a prime requirement among software team members; however, elements pertaining to human resources also need to be considered. Specifically, these elements include sociological behavior and human relationships, technical knowledge and software team competencies, and the quality of life for software team members, as shown in Figure 1 Thus in order to achieve the optimal balance during the software development process, the human resource selection process should guarantee equilibrium among these elements.
The model presented in this paper consists of four processes, as depicted in Figure 1 
Open Process
Prior to the open process, team managers need to know the project objectives. Subsequently, the managers should define four milestones: a) Create the human resources management group b) Establish the number of work places in a human organization chart c) Define the specific roles required for the project d) Receive personal requests
In order to obtain the first milestone, the project manager should create a special group, the HR management group, or they should contact human resources management services for outsourcing. For the second and third milestones, human resource management experts should define a hierarchical organization chart. The fourth milestone consists of a voluntary request list, which requires the candidate's name, contact address, possible role, and other basic information. By the end of this step, project managers should have a list of candidates interested in the project.
Competence Evaluation Process
The proposed model recommends the application of three aptitude tests to each candidate: a technical test, a sociological test and a quality of life test. First, the technical test should be applied in conjunction with each candidate's role aspirations and should be based on the competency evaluation processes. As previously mentioned, each organization should define the required roles by considering the characteristics of the team members. The technical test should be developed according to these requirements. For example, in software production projects, the common roles include analyst, designer, architect, developer and project manager. However, in the technical test, the roles are entirely dependent on the project features. Accordingly, (Brainbench Previsor Company, 2008) and (Verio, 2008) have discussed test solutions for technical skills. The second test consists of a questionnaire for evaluating the sociological state of candidates (Aragon, 2007) . This assessment provides an integrated perspective of individuals' conduct under normal conditions as well as in tense situations. Specifically, the test evaluates candidates' activity level in a group and their attitudes towards people in a work environment. As a result, project managers can utilize these tests to predict an individual's personal behavior prior to their assignment in a software project. There are two elements in this proposed test: a sociological questionnaire (Tables I  and II ) and a guide for applying it (Section 1).
1) The Sociological Questionnaire
The questionnaires presented in Tables 1 and 2 have been created for this work based on (Gomez & Acosta, 2003) . The third group of tests consists of a questionnaire for evaluating the quality of life of candidates, as presented in Table 5 . l. Being inconsistent to attract attention.
The sociological test guide
This section presents the steps for analyzing individual personalities. Additionally, it discusses some tools that analyze team balance in the sociological test, ensuring that software teams consist of diverse personalities that create equilibrium amongst team members and minimize discord. The validation of the scales of the measures used in this test was performed through the application of the Delphi Method to 29 experts from different organizations of Cuban software, dedicated to the management or human resources research. There were three rounds where each one was evaluated by experts at different scales for the measurements. Four experts were eliminated so in the final round there were only 25. The stadigraphs that were used in the study was the mean, mode and standard deviation that give us an overview of the results obtained in each of the questions (Torres, 2011) .
Step 1: Create a graph to represent an integrated view of a person's characteristics, as shown in Figure 2 .
Figure 2 Chart to represent the features of each person
Step 2: Complete the questionnaires presented in Table 1 and Table 2 . Each question has four possible answers to which respondents should assign a value between 1 and 4; repeated values are not permitted. Higher values mean that respondents believe they possess a certain characteristic, whereas lower values indicate that respondents do not associate themselves with a particular attitude.
Step 3: Summarize the results by using Equation 1 and 2. Equation 1 and 2: Set of equations to summarize the questionnaire results.
In these equations, the uppercase letters represent an individual's behavior under normal conditions, whereas the lowercase letters denote a person's actions in stressful situations. 
Where P contains the results related with a person's tendency to support other people and R contains the score associated with the respondent's focus on task execution. The resulting variables from Equation 4, P and R, can be compared to see which is greater. Accordingly, the respondent can be classified as "Oriented to persons" or "Oriented to tasks", as shown in Rule 2. Step 7: After evaluating each individual in the preceding steps, describe the features of each worker based on the information contained in Table 3 . Table 4 by inputting the descriptive information for all team members and use this information in the process of roles assignment. Z+Y=P ---11+12=23
W+X=R ---14+23=37 P<R
Through of responses analysis to the test was identified like an active person, its dominant feature is being controller. Others characteristics that can measure a person, according to the test, were a little farther from the main, which is closer is Analyzer. Its orientation is directed to tasks, such orientation is typical of directors, economic and mathematical. Let it be a controller person reveals that at the time of confront a problem or a question whenever he believes have the solution and looking what is best. In stressful situations do not change their Controller characteristics, remain its key features. Using the results of Equations 1 and 2 in Step 6, was obtained that person has Major/Minor style, this means that this person is Controller closely followed by a second feature, be Analyzer. It can be concluded that this person is able to lead a team, take responsibility and challenges without fear because it has a strong selfconfidence.
Quality of life test
Our quality of life test is based on the Chronic Heart Failure Questionnaire proposed by (Guyatt, et al., 1989) . For our test, the questions have been divided into two categories: Fatigue (2, 4, 7 and 9) and Emotions (1, 3, 5, 6, 8, 10 and 11) . As demonstrated by the questionnaires in Table 5 , each question has a rating of 1 to 7, where 1 indicates a lower quality of life and 7 denotes a higher quality of life. In each category, the scores for the questions are added together, as shown in Table 6 . A low overall score indicates that a person's lifestyle causes unhappiness or frustration, whereas a higher score denotes that an individual's lifestyle does not have an adverse effect on that person. Quality of life questionnaires are often used to recommend that people experience more enjoyment in life (Rothstein & Goffin, 2006; ISQOLS, 1995) . 
Roles Assignment Process
There are two strategies for assigning specific roles to each person; first, roles could be assigned on the basis of an expert's judgment, or alternatively, automatic tools could recommend roles. Both strategies use information generated during the process of competence evaluation; specifically, the human resources organization chart and the results of the competence evaluation process are used as inputs in both of these strategies. However, regardless of which strategy is used, the system merely suggests roles for each person rather than assigning them to individuals on the basis of the applied algorithm. Using these two strategies, the system guarantees the use of the information obtained in the competence evaluation process, and it makes the following suggestions: 1. Each person should occupy a specific role in an appropriate workplace on the basis of his/her technical evaluation. 2. The teams should contain a balance in personalities. Specifically, a good team exists when the difference among variables X, Y, Z, and W is appropriate, indicating that the team members should have positive relations and work efficiently with one another. 3. In the first strategy of expert judgment, the team in charge of human resource acquisition should obtain the necessary information from each individual and assign the roles to each project member. 4. In the second strategy, the use of a semi-automatic tool or software helps to assign the roles by providing a preliminary structure of the human resources organization. However, this initial structure does not constitute the final human resources organization, which depends on the human resource acquisition team. 5. The semi-automatic strategy is not a substitute for human experience. Accordingly, the results and suggestions generated by this strategy should leave room for modifications and adaptations by humans.
Close Process
Finally, the close process consists of two main activities:
1. The completion of the project staff 2. The communication of the acquisition results to the stakeholders. Accordingly, we propose two reports to be generated in this process:
1. The report of human resource completion, which specifies the selected individuals and the position of each person in the project. 2. The report of acquisition processes, which includes all of the elements and aspects that were involved in the acquisition process.
Experimental Results
In order to verify the model's effectiveness, we selected six software development projects to which to apply the model and its tools. In April 2008 we applied the model and its tools to these projects. We proposed changes to these projects' organizational structure, which were applied in the following year. As explained in the following sections, our conclusions are based on three statistical tests.
a) Projects characteristics
All the projects analyzed were from a single center software product development. Project 1 was related to software quality management, and there were twelve people working on the project. In Project 2, twenty-two people were involved in a project addressing issues of business management. Project 3 concerned an e-commerce system, and the development team consisted of ten individuals. In Project 4, twenty-two people were working on various topics related to project management software systems. Project 5 involved the development of a statistical system with a twenty-three person team. Finally, Project 6 included twenty-two persons, and it focused on the development of a generic platform for conducting dynamic reports.
Statistical tests to detect difficulties (April 2008)
We The purpose for including these variables was to measure their status in teams that had been created without taking into account the elements suggested in the research. Assess the level of each of them, propose changes as suggested by the proposal and then assess whether there had been improvements in productivity and personal relationships of these teams.
A simple random sample method was used to select two of the six projects, representing 33% of the original project sample. These two projects, Projects 5 and 6, were evaluated in October 2009, and the results demonstrated that the application of our model significantly improved the projects' performance. Specifically, we detected considerable differences in these projects on the basis of the following variables:  Orientation of Normal Situations and Tense Situations: Human beings change their orientation significantly depending on whether the situation is considered normal or tense. In normal situations, the orientation of team members is focused on individuals, whereas in tense situations, team members are focused more strongly on the task.  Expected Role vs. Current Role (Normal Situations): There is a remarkable difference between the expected role and the current role in normal situations.  Expected Role vs. Current Role (Tense Situations): There is a significant difference between the expected role and the current role in high-pressure situations.
Recommended changes for improving projects' performance
Our observations demonstrated that most individuals were performing tasks that were different than those recommended by the model. Accordingly, their roles within the team required modification, and, in order to improve the project performance, we recommended the reallocation of human resources within the project, the most convenient rearrangement of roles, and a reorganization of the projects to achieve more balanced teams.
Statistical test, checking the improvements
In order to evaluate the projects, we compared the results of Projects 5 and 6 with their previous results. Specifically, two pairs of samples (Project-5 2008 , Project-5 2009 and (Project-6 2008 , Project-6 2009 , were compared, focusing on the teams' balance and performance. After the application of corrective measures, Projects 5 and 6 were observed to have balanced teams. We applied the Wilcoxon Test to compare the results, which are displayed in Table 8 . This table reflects the increased productivity of Projects 5 and 6 after the application of the corrective actions to the projects' teams. To estimate productivity was taken into account the efficiency (E) of the teams taking as indicator the number of requirements (R) between the time, in months needed to developing them (Oficina Nacional de Normalización, 2007) . Variables such as the number of people in the teams, the characteristics of the requirements specification and the daily time utilized, remained stable throughout the experiment so were not taken into account for calculating efficiency.
Threats to validity
There are two major threats to the model´s validity:
1. The quality of collected data depends on the tests application. The organization must assure the quality of the questionnaires application required for attitudes and for life assessment. 2. The results obtained in this study could be influenced by other factors like the improvement of the individual competence during the project development.
Conclusions
The acquisition process of human resource management consists of four main activities: initialization, competence evaluation, roles assignment, and communications to the stakeholders. Within the stage of competence evaluation, we have proposed three types of tests: the technical test, the quality of life test, and the psychologicalsociological test. These tests form the basis for our proposed model for evaluating the quality and balance of software teams, which has been applied to real software projects. The experimental results demonstrate that the application of the model improved the productivity of project teams. We have also proposed two alternatives to the role assignment of individuals: manual techniques and automatic techniques; however, algorithms do not substitute for human experience, as they need to be revised by humans.
